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SATELLITE SIGNAL RECEPTION DEVICE, 
TIMEKEEPING DEVICE, AND SATELLITE 
SIGNAL RECEPTION METHOD FOR A 

SATELLITE SIGNAL RECEPTION DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

Japanese Patent application No. 2007-303265, is hereby 
incorporated by reference in its entirety. 

BACKGROUND 

1. Field of Invention 
The present invention relates to a satellite signal reception 

device that receives radio signals transmitted from a position 
ing information satellite such as a GPS satellite to acquire the 
current date and time, to a timepiece that has this satellite 
signal reception device, and to satellite signal reception 
method for the satellite signal reception device. 

2. Description of Related Art 
The Global Positioning System (GPS), Which is a system 

for determining the position of a GPS receiver, uses GPS 
satellites that circle the Earth on knoWn orbits, and each GPS 
satellite has an atomic clock on board. Each GPS satellite 
therefore keeps the time (referred to beloW as the GPS time or 
satellite time information) With extremely high precision. 
A radio-controlled timepiece that adjusts the time using 

time information (GPS time) from GPS satellites is taught, for 
example, in Japanese Unexamined Patent Appl. Pub. JP-A 
H 1 0-1 025 l . 

The signals (navigation message) from the GPS satellites 
are transmitted in frames and subframes synchronized to a 
Coarse Acquisition code (C/A code) that is reset at the begin 
ning of the Week of the GPS time. If the navigation message 
is interpreted using this C/A code, the time passed since the 
beginning of the GPS time Week can be knoWn from the signal 
from a single satellite, and the time can be set to a precision of 
approximately 0.1 second. 
More speci?cally, the GPS satellites orbit at an altitude of 

approximately 20,000-27,000 km. It therefore takes approxi 
mately 66.6-90 ms for signals to travel from the GPS satellite 
to the GPS receiver. By correcting for this transmission time, 
the time can be synchronized to the Coordinated Universal 
Time (U TC) With error on the millisecond order, and a time 
piece With su?icient practical precision can be achieved. 

HardWare and products designed to receive and process 
satellite signals for both adjusting the time and positioning 
require a CPU and correlator operating at a high clock rate in 
order to complete the positioning calculations in a prescribed 
time. This hardWare con?guration is more than What is 
needed to simply adjust the time, hoWever. 

If the CPU and correlator run at a high clock rate When 
adjusting the time, an operation that is used more frequently 
than the positioning function, the peak current also rises. This 
can lead to an excessive voltage drop causing the system to 
shut doWn. If the voltage drops signi?cantly due to an 
increase in the peak current, the charge/discharge cycle 
repeats more frequently, the battery therefore deteriorates 
more quickly, and the battery life is shortened. One possible 
solution is to increase the siZe of the battery, but this also 
increases the siZe of the satellite signal reception device and 
makes incorporating a satellite signal reception device in a 
WristWatch or other mobile device di?icult. 

SUMMARY OF INVENTION 

A satellite signal reception device, a timekeeping device, 
and a satellite signal reception method for a satellite signal 
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2 
reception device enable controlling the peak current, thereby 
increasing battery life and reducing battery siZe, and avoiding 
system shutdoWns caused by a voltage drop. 
A ?rst aspect of the invention is a satellite signal reception 

device having a reception unit that captures a positioning 
information satellite and receives a satellite signal transmitted 
from the captured positioning information satellite; a data 
acquisition unit that can acquire time information and posi 
tioning information based on the satellite signal received by 
the reception unit; and a reception mode control unit that 
controls the reception mode of the reception unit to at least 
one of a time information reception mode and positioning 
information reception mode. The reception unit includes a 
correlation unit that determines a correlation betWeen a code 
used for capturing the satellite signal and the received satellite 
signal; the data acquisition unit includes an operating unit that 
decodes the received data; and the reception mode control 
unit includes a clock control unit that separately controls the 
operating clock of the correlation unit and the process clock 
of the operating unit according to the reception mode. 
The clock control unit in this aspect of the invention can 

separately control the operating clock of the correlation unit 
and the process clock of the operating unit, and can therefore 
sWitch the clocks to a fast clock rate or sloW clock rate 
according to the reception mode. 

For example, in the time information reception mode 
acquiring time information from a satellite signal, the amount 
of data to be decoded is small compared With the positioning 
information reception mode that acquires positioning infor 
mation (location information) from the satellite signal. As a 
result, the process clock of the operating unit When in the time 
information reception mode can be set sloWer than the pro 
cess clock of the operating unit in the positioning information 
reception mode and data can still be processed With suf?cient 
speed. Therefore, if the clock control unit sets the process 
clock of the operating unit to a loW clock rate When in the time 
information reception mode, and sWitches to a high clock rate 
in the positioning information reception mode, the peak cur 
rent can be reduced in the time information reception mode 
compared With alWays processing data at the high clock rate. 

Furthermore, because the amount of data is small and the 
data is repeatedly transmitted in a short time in the time 
information reception mode, the satellite signal can be cap 
tured and received in a good reception environment even if the 
operating clock of the correlation unit is sloW. HoWever, When 
the reception environment is not particularly good, the satel 
lite signal can be quickly captured and received by setting the 
operating clock of the operating unit to the high clock rate 
even in the time information reception mode. 
As a result, if the time information is received manually by 

the user, for example, a good reception environment can be 
expected, such as the satellite signal reception device being 
outdoors and stationary, and the clock control unit can control 
the operating clock of the correlation unit to the loW clock 
rate. The peak current can therefore be reduced compared 
With alWays setting the operating clock of the correlation unit 
to the high clock rate. 

Because the clock control unit in this aspect of the inven 
tion controls the clock rate of the correlation unit and oper 
ating unit according to the reception mode, the clocks can be 
controlled to the sloWest speed required in the reception 
mode, and peak current can be suppressed. Furthermore, 
because the clock is set sloW When in a reception mode that 
can receive the satellite signal at a sloW clock rate, the recep 
tion success rate does not drop. 

Therefore, the satellite signal reception device according to 
this aspect of the invention can increase battery life, reduce 
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battery size, and avoid system shutdowns caused by a voltage 
drop. The invention is therefore particularly Well suited to use 
in mobile electronic devices such as WristWatches and cell 
phones. 

Preferably, the clock control unit can sWitch the process 
clock of the operating unit betWeen at least a ?rst process 
clock and a second process clock that is faster than the ?rst 
process clock, sets the process clock of the operating unit to 
the ?rst process clock When the time information reception 
mode is selected as the reception mode, and sets the process 
clock of the operating unit to the second process clock When 
the positioning information reception mode is selected as the 
reception mode. 

In the time information reception mode the amount of data 
to be decoded is less than in the positioning information 
reception mode, and can therefore be suf?ciently decoded 
even if the process clock of the operating unit is set to the 
sloWer ?rst process clock. Because the amount of data to be 
decoded in the positioning information reception mode is 
large, hoWever, processing time can be shortened by setting 
the process clock of the operating unit to the high speed 
second process clock. 

If the clock control unit thus sWitches the process clock of 
the operating unit to a sloW clock in the time information 
reception mode and a fast clock in the positioning information 
reception mode, the data can be reliably processed and the 
peak current can be reduced compared With operating at a 
high clock rate in the time information reception mode. 

The actual rate of the ?rst process clock and the second 
process clock can be set desirably according to the applica 
tion. For example, the second process clock is preferably tWo 
to six times faster than the ?rst process clock. In a preferred 
aspect of the invention the ?rst process clock is set to 12 MHZ 
and the second process clock is set to 48 MHZ. 

Yet further preferably, the reception mode control unit can 
select a manual time information reception mode that 
receives time information based on a manual operation, or an 
automatic time information reception mode that receives time 
information automatically, as the time information reception 
mode. The clock control unit can sWitch the operating clock 
of the correlation unit betWeen at least a ?rst operating clock 
and a second operating clock that is faster than the ?rst oper 
ating clock, sets the operating clock of the correlation unit to 
the ?rst operating clock and sets the process clock of the 
operating unit to the ?rst process clock When the manual time 
information reception mode is selected as the reception mode, 
and sets the operating clock of the correlation unit to the 
second operating clock and sets the process clock of the 
operating unit to the ?rst process clock When the automatic 
time information reception mode is selected as the reception 
mode. 
By setting the operating clock of the correlation unit to the 

?rst operating clock in the manual time information reception 
mode, this aspect of the invention reduces the peak current 
compared With driving the correlation unit at the second 
operating clock, Which is faster than the ?rst operating clock. 
When reception is manually initiated, the user is usually 

located Where satellite signals can be easily received from the 
positioning information satellites, or more particularly out 
doors Where the satellite signals can be received directly from 
the positioning information satellites With the satellite signal 
reception device motionless. Because the reception environ 
ment is thus good, the possibility of successfully synchroniZ 
ing With and receiving the satellite signal is increased even if 
the operating clock of the correlation unit is set sloW. 

In the automatic time information reception mode, hoW 
ever, the reception environment of the satellite signal recep 
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4 
tion device is unpredictable. The satellite signal reception 
device could be indoors or it could be Worn by the user and 
outdoors but moving. The signal strength of the satellite sig 
nal reaching the satellite signal reception device may there 
fore be Weak, or the captured positioning information satellite 
may be hidden from vieW by a building and lost While the user 
moves around, or the reception environment could be poor for 
other reasons. By setting the operating clock of the correla 
tion unit high in this situation, the satellite signal can be 
quickly captured and synchronized, and the possibility of 
successfully receiving the satellite signal can be increased 
compared With using a sloW operating clock. 
By thus sWitching the operating clock of the correlation 

unit to a high or loW clock rate according to Whether the time 
information reception mode is manual or automatic, this 
aspect of the invention can suppress the peak current, extend 
the battery life and reduce the battery siZe, and prevent system 
shutdoWns caused by a voltage drop Without lowering the 
success rate of the reception process. 
The actual rate of the ?rst operating clock and the second 

operating clock can be set desirably according to the appli 
cation. For example, the second operating clock is preferably 
tWo to six times faster than the ?rst operating clock. In a 
preferred aspect of the invention the ?rst operating clock is set 
to 15 MHZ and the second operating clock is set to 30 MHZ. 
The ?rst operating clock and the ?rst process clock may 

also be the same speed or different speeds. The second oper 
ating clock and second process clock may also be the same 
speed or different speeds. If the ?rst operating clock and ?rst 
process clock are the same speed and the second operating 
clock and the second process clock are the same speed, the 
number of clock signals generated is reduced and the clock 
generator circuit can be simpli?ed. 

In another aspect of the invention the reception mode con 
trol unit can select an indoor time information reception mode 
for acquiring time information When indoors, a mobile time 
information reception mode for acquiring time information 
When outdoors and moving, and an outdoor stationary time 
information reception mode for acquiring time information 
When outdoors and not moving, as the time information 
reception mode; and the clock control unit can sWitch the 
operating clock of the correlation unit betWeen at least a ?rst 
operating clock and a second operating clock that is faster 
than the ?rst operating clock, sets the operating clock of the 
correlation unit to the second operating clock and sets the 
process clock of the operating unit to the ?rst process clock 
When the indoor time information reception mode or the 
mobile time information reception mode is selected as the 
reception mode, and sets the operating clock of the correla 
tion unit to the ?rst operating clock and sets the process clock 
of the operating unit to the ?rst process clock When the out 
door stationary time information reception mode is selected 
as the reception mode. 

In this aspect of the invention the operating clock of the 
correlation unit is set to the ?rst operating clock When in the 
outdoor stationary time information reception mode, and the 
peak current can be reduced compared With operating at the 
second operating clock, is faster than the ?rst operating clock. 

In addition, When in the outdoor stationary time informa 
tion reception mode, the satellite signal reception device is 
outdoors and not moving, and is therefore in a good environ 
ment for receiving satellite signals from a positioning infor 
mation satellite. Because the reception environment is thus 
good, the possibility of successfully synchroniZing With and 
receiving the satellite signal is increased even if the operating 
clock of the correlation unit is set sloW. 
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When in the indoor time information reception mode or 
mobile time information reception mode, however, the satel 
lite signal reception device is indoors or is Worn by the user 
While moving around outdoors, the signal strength of the 
satellite signal reaching the satellite signal reception device 
may therefore be Weak, or the captured positioning informa 
tion satellite may be hidden from vieW by a building and lost 
While the user moves around, or the reception environment 
could be poor for other reasons. By setting the operating clock 
of the correlation unit high in this situation, the satellite signal 
can be quickly captured and synchronized, and the possibility 
of successfully receiving the satellite signal can be increased 
compared With using a sloW operating clock. 
By thus sWitching the operating clock of the correlation 

unit to a high or loW clock rate according to the time infor 
mation reception mode, this aspect of the invention can sup 
press the peak current, extend the battery life and reduce the 
battery siZe, and prevent system shutdoWns caused by a volt 
age drop Without loWering the success rate of the reception 
process. 
A satellite signal reception device according to another 

aspect of the invention also has a light quantity detection unit 
that detects the amount of light incident to the satellite signal 
reception device, and a motion detection unit that detects the 
acceleration or inclination angle of the satellite signal recep 
tion device. The reception mode control unit determines if the 
satellite signal reception device is indoors or outdoors based 
on the amount of light detected by the light quantity detection 
unit, determines if the satellite signal reception device is in 
motion or stationary based on change in the acceleration or 
inclination angle of the satellite signal reception device 
detected by the motion detection unit, and based on the detec 
tion results sets the time information reception mode to the 
indoor time information reception mode, mobile time infor 
mation reception mode, or outdoor stationary time informa 
tion reception mode. 

The illuminance (brightness) of indoor lighting and sun 
light outdoors differ greatly. Whether the satellite signal 
reception device is indoors or outdoors can therefore be deter 
mined by disposing a light quantity detection unit to the 
satellite signal reception device and detecting the amount of 
light (brightness) reaching the reception device. 

Furthermore, if an acceleration sensor or angle sensor is 
also disposed to the satellite signal reception device, sensor 
output Will differ When the satellite signal reception device is 
resting on top of a table, for example, and When the satellite 
signal reception device is moving. Whether the satellite signal 
reception device is in motion or not can therefore be deter 
mined. 

The reception mode control unit can therefore easily deter 
mine based on the sensor output Whether the reception mode 
is the indoor time information reception mode, mobile time 
information reception mode, or outdoor stationary time infor 
mation reception mode. 

In a satellite signal reception device according to another 
aspect of the invention the reception mode control unit can 
select as the positioning information reception mode at least 
a manual positioning information reception mode that 
receives positioning information based on a manual opera 
tion, and an orbit information reception mode that receives 
orbit information from a positioning information satellite; 
and the clock control unit can sWitch the process clock of the 
operating unit betWeen at least a ?rst process clock and a 
second process clock that is faster than the ?rst process clock, 
can sWitch the operating clock of the correlation unit betWeen 
at least a ?rst operating clock and a second operating clock 
that is faster than the ?rst operating clock, sets the operating 
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6 
clock of the correlation unit to the second operating clock and 
sets the process clock of the operating unit to the second 
process clock When the manual positioning information 
reception mode is selected as the reception mode, and sets the 
operating clock of the correlation unit to the second operating 
clock and sets the process clock of the operating unit to the 
?rst process clock When the orbit information reception mode 
is selected as the reception mode. 

This aspect of the invention sets the operating clock of the 
correlation unit to the second operating clock, Which is faster 
than the ?rst operating clock, When in the manual positioning 
information reception mode for receiving positioning infor 
mation, and can therefore receive orbit information from a 
plurality of (3 to 4) positioning information satellites in a 
short time. 

Processing can therefore be completed in a short time by 
using the fast second operating clock even When the user 
manually controls the satellite signal reception device. The 
satellite signal reception device is therefore quickly released 
from the reception process, and convenience can be improved 
for the user When using the satellite signal reception device. 

Furthermore, because the operating unit operates at the 
second process clock, Which is faster than the ?rst process 
clock, the positioning process Which requires relatively 
advanced, fast computations can be completed in a shorter 
time than if the ?rst process clock is used. As a result, the 
satellite signal reception device is again quickly released 
from the reception process, and convenience is improved for 
the use When using the satellite signal reception device. 

Furthermore, When in the orbit information reception 
mode the operating clock of the correlation unit is set to the 
second operating clock, Which is faster than the ?rst operating 
clock, and a positioning information satellite can therefore be 
quickly captured and the satellite signal received. Therefore, 
if the orbit information reception process runs While the sat 
ellite signal reception device is indoors and charging, the 
capture process can be quickly executed to capture the Weak 
satellite signals travelling indoors, and the likelihood of suc 
cessfully capturing and receiving the signal is improved. 

In addition, the operating unit only decodes and stores the 
orbit information When in the orbit information reception 
mode, and high speed processing such as required for the 
positioning process is not needed. The operating unit can 
therefore be driven at the sloW ?rst process clock and the peak 
current can be suppressed. 

Another aspect of the invention is a satellite signal recep 
tion device having: a reception unit that captures a positioning 
information satellite and receives a satellite signal transmitted 
from the captured positioning information satellite; a data 
acquisition unit that can acquire at least time information 
based on the satellite signal received by the reception unit; 
and a reception mode control unit that controls the reception 
mode of the reception unit. The reception unit includes a 
correlation unit that determines a correlation betWeen a code 
used for capturing the satellite signal and the received satellite 
signal. The data acquisition unit includes an operating unit 
that decodes the received data. The reception mode control 
unit includes a clock control unit that separately controls the 
operating clock of the correlation unit and the process clock 
of the operating unit, and can select a manual time informa 
tion reception mode that receives time information based on 
a manual operation, or an automatic time information recep 
tion mode that receives time information automatically. The 
clock control unit can sWitch the process clock of the operat 
ing unit betWeen at least a ?rst process clock and a second 
process clock that is faster than the ?rst process clock, can 
sWitch the operating clock of the correlation unit betWeen at 
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least a ?rst operating clock and a second operating clock that 
is faster than the ?rst operating clock, sets the operating clock 
of the correlation unit to the ?rst operating clock and sets the 
process clock of the operating unit to the ?rst process clock 
When the manual time information reception mode is selected 
as the reception mode, and sets the operating clock of the 
correlation unit to the second operating clock and sets the 
process clock of the operating unit to the ?rst process clock 
When the automatic time information reception mode is 
selected as the reception mode. 

Another aspect of the invention is a satellite signal recep 
tion device having a reception unit that captures a positioning 
information satellite and receives a satellite signal transmitted 
from the captured positioning information satellite; a data 
acquisition unit that can acquire at least time information 
based on the satellite signal received by the reception unit; 
and a reception mode control unit that controls the reception 
mode of the reception unit. The reception unit includes a 
correlation unit that determines a correlation betWeen a code 
used for capturing the satellite signal and the received satellite 
signal. The data acquisition unit includes an operating unit 
that decodes the received data. The reception mode control 
unit includes a clock control unit that separately controls the 
operating clock of the correlation unit and the process clock 
of the operating unit, and can select an indoor time informa 
tion reception mode for acquiring time information When 
indoors, a mobile time information reception mode for 
acquiring time information When outdoors and moving, and 
an outdoor stationary time information reception mode for 
acquiring time information When outdoors and not moving, as 
the time information reception mode. The clock control unit 
can sWitch the process clock of the operating unit betWeen at 
least a ?rst process clock and a second process clock that is 
faster than the ?rst process clock, can sWitch the operating 
clock of the correlation unit betWeen at least a ?rst operating 
clock and a second operating clock that is faster than the ?rst 
operating clock, sets the operating clock of the correlation 
unit to the second operating clock and sets the process clock 
of the operating unit to the ?rst process clock When the indoor 
time information reception mode or the mobile time informa 
tion reception mode is selected as the reception mode, and 
sets the operating clock of the correlation unit to the ?rst 
operating clock and sets the process clock of the operating 
unit to the ?rst process clock When the outdoor stationary time 
information reception mode is selected as the reception mode. 

These satellite signal reception devices do not have a posi 
tioning information acquisition function in the data acquisi 
tion unit, but the process executed during time information 
reception is the same as that of the satellite signal reception 
device described above, and the same effect is therefore 
achieved in the time information reception process. 

Further preferably, the satellite signal reception device also 
has a voltage detection device that detects the poWer supply 
voltage. The clock control unit sets the process clock of the 
operating unit to the ?rst process clock and sets the operating 
clock of the correlation unit to the ?rst operating clock When 
the voltage detected by the voltage detection device is less 
than a threshold value. 

This aspect of the invention unconditionally sets the clock 
signals of the operating unit and the correlation unit to the loW 
speed ?rst clock regardless of the reception mode When the 
poWer supply voltage goes to less than the threshold value, 
and can therefore suppress the poWer supply voltage drop 
compared With operating at a fast clock rate. System shut 
doWns caused by a voltage drop can therefore be prevented. 
A satellite signal reception device according to another 

aspect of the invention also has an age detection unit that 
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8 
detects hoW many years the satellite signal reception device 
has been used. The clock control unit sets the process clock of 
the operating unit to the ?rst process clock and sets the oper 
ating clock of the correlation unit to the ?rst operating clock 
When the number of years used detected by the age detection 
unit is greater than or equal to a preset number of years. 
When the age or number of years used becomes greater 

than or equal to a set number of years, the clock rates of the 
operating unit and correlation unit are set to the loW speed ?rst 
clock regardless of the reception mode, and the poWer supply 
voltage drop can therefore be suppressed compared With 
operating at the high clock rate. System shutdoWns caused by 
a voltage drop can therefore be prevented even if the second 
ary battery has deteriorated With age. 

Another aspect of the invention is a timekeeping device 
having the satellite signal reception device described above, a 
time information generating unit that generates internal time 
information, a time information adjusting unit that corrects 
the internal time information, and a time display unit that 
displays the internal time information. The time information 
adjusting unit corrects the internal time information based on 
the time information received in the time information recep 
tion mode. 
The clock control unit in this aspect of the invention con 

trols the clock speed of the correlation unit and operating unit 
according to the reception mode, and can therefore suppress 
the peak current Without loWering the reception success rate. 
The timekeeping device according to the present invention 

can therefore increase battery life or reduce the battery siZe, 
and can avoid system shutdoWns caused by a voltage drop. 
The invention is therefore particularly useful in portable time 
piece such as a Wristwatch or pocket Watch. 

Another aspect of the invention is a satellite signal recep 
tion method for a satellite signal reception device that has a 
reception unit that captures a positioning information satellite 
and receives a satellite signal transmitted from the captured 
positioning information satellite, and includes a correlation 
unit that determines a correlation betWeen a code used for 
capturing the satellite signal and the received satellite signal, 
a data acquisition unit that can acquire time information and 
positioning information based on the satellite signal received 
by the reception unit, and includes an operating unit that 
decodes the received data, and a reception mode control unit 
that controls the reception mode of the reception unit to at 
least one of a time information reception mode and position 
ing information reception mode. The satellite signal reception 
method involves setting the reception mode; separately con 
trolling the operating clock of the correlation unit and the 
process clock of the operating unit based on the set reception 
mode; and operating the correlation unit and operating unit 
using the controlled clock signals to receive a satellite signal. 

In this aspect of the invention the clock control step con 
trols the clock speed of the correlation unit and the operating 
unit according to the reception mode, and can therefore sup 
press the peak current Without loWering the reception success 
rate. The satellite signal reception method of the invention 
can therefore increase battery life, reduce battery siZe, and 
avoid system shutdoWns caused by a voltage drop. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram shoWing a GPS WristWatch 
according to the present invention. 

FIG. 2 is a block diagram shoWing the circuit design of the 
GPS Wristwatch shoWn in FIG. 1. 

FIG. 3 schematically describes the structure of the GPS 
satellite signal. 
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FIG. 4 schematically describes the GPS satellite signal. 
FIG. 5 is a How chart describing the time information 

reception process of the ?rst embodiment of the invention. 
FIG. 6 is a block diagram shoWing the circuit design of the 

GPS Wristwatch according to a second embodiment of the 
invention. 

FIG. 7 is a How chart describing the time information 
reception process of the second embodiment of the invention. 

FIG. 8 is a How chart describing the positioning informa 
tion reception process of the third embodiment of the inven 
tion. 

FIG. 9 is a How chart describing the manual positioning 
information reception process of the third embodiment of the 
invention. 

FIG. 10 is a How chart describing the orbit information 
reception process of the third embodiment of the invention. 

FIG. 11 is a How chart describing a variation of the inven 
tion. 

FIG. 12 is a graph shoWing the change in the poWer supply 
voltage in the variation of the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Preferred embodiments of the present invention are 
described beloW With reference to the accompanying ?gures. 

The embodiments described beloW are speci?c preferred 
embodiments of the present invention and certain technically 
preferred limitations are therefore also described, but the 
scope of the present invention is not limited to these embodi 
ments or limitations unless speci?cally stated beloW. 

Embodiment 1 

FIG. 1 is a schematic diagram shoWing a Wristwatch With a 
GPS satellite signal reception device 1 (referred to beloW as a 
GPS Wristwatch 1) as an example of a timepiece according to 
the present invention. FIG. 2 is a block diagram shoWing the 
main hardWare con?guration of the GPS Wri stWatch 1 shoWn 
in FIG. 1. 
As shoWn in FIG. 1, the GPS WristWatch 1 has a time 

display unit including a dial 2 and hands 3. A WindoW is 
formed in a part of the dial 2, and a display 4 such as an LCD 
panel is located in this WindoW. 

The hands 3 include a second hand, minute hand, and hour 
hand, and are driven through a Wheel train by means of a 
stepping motor. 
The display 4 is typically a LCD unit and is used for 

displaying the latitude and longitude, city name, or other 
location information, as Well as messages. 

The GPS WristWatch 1 receives satellite signals from a 
plurality of GPS satellites 5 orbiting the Earth on ?xed orbits 
in space, acquires satellite time information, and can adjust 
the internally kept time based on the satellite time information 
and display the positioning information, that is, the current 
position, on the display 4. 

The GPS satellite 5 is an example of a positioning infor 
mation satellite used in the invention, and a plurality of GPS 
satellites 5 are orbiting the Earth in space. At present there are 
approximately 30 GPS satellites 5 in orbit. 

Circuit Design of the GPS Wristwatch 
The circuit design of the GPS Wristwatch 1 is described 

next. 

As shoWn in FIG. 2, the GPS WristWatch 1 has a reception 
unit 10, a control unit 20, a reception mode control unit 30, a 
storage unit 40, and a display device 50. 
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10 
The display device 50 includes the hands 3 and display 4 

for displaying the time and positioning information. 
The GPS Wristwatch 1 has an internal battery as the poWer 

source. The battery can be a primary battery or a rechargeable 
secondary battery. 

Reception Unit 
The reception unit 10 includes a GPS antenna 11, RF unit 

12, and baseband unit 13. 
The GPS antenna 11 is a patch antenna for receiving sat 

ellite signals from a plurality of GPS satellites 5 orbiting the 
Earth on ?xed orbits in space. The GPS antenna 11 is located 
on the back side of the dial 2, and receives RF signals through 
the front crystal of the GPS Wristwatch 1 and the dial 2. 
The dial 2 and crystal are therefore made from materials 

that pass RF signals, particularly the satellite signals trans 
mitted from the GPS satellites 5. The dial 2, for example is 
plastic. 
The RF (radio frequency) unit 12 receives and converts 

satellite signals transmitted from the GPS satellites 5 to digi 
tal signals, and is identical to devices used in common GPS 
receivers. 
More particularly, While not shoWn in the ?gures, the RF 

unit 12 includes a bandpass ?lter, PLL circuit, IF ?lter, VCO 
(voltage controlled oscillator), A/D converter, mixer, LNA 
(loW noise ampli?er), and IF ampli?er. 
The satellite signal extracted by the bandpass ?lter is 

ampli?ed by the loW noise ampli?er, mixed by the mixer With 
the signal from the VCO, and doWn-converted to an IF (inter 
mediate frequency) signal. 
The If signal mixed by the mixerpasses the IF ampli?er and 

IF ?lter, and is converted to a digital signal by the A/D con 
verter. 
The baseband unit 13 correlates and synchroniZes the 

reception signal, and is identical to the baseband unit used in 
a common GPS receiver. 

More particularly, the baseband unit 13 has a local code 
generator 131 and a correlation unit 132. The local code 
generator 131 generates a local code containing the same C/A 
code used for transmission by the GPS satellites 5. The cor 
relation unit 132 then calculates a correlation value for this 
local code and the reception signal output from the RF unit 
12. 

If the correlation value calculated by the correlation unit 
132 is greater than or equal to a prescribed threshold value, 
the C/A code used in the received satellite signal and the local 
code match, and the satellite signal can be captured (synchro 
niZed). The navigation message can therefore be demodu 
lated by applying this correlation process to the received 
satellite signal using the local code. 

Control Unit 
The control unit 20 has an operating unit (CPU) 21. 
The CPU 21 executes the control program stored in the 

ROM/RAM 41 of the storage unit 40. More speci?cally, the 
CPU 21 acquires time information and positioning informa 
tion from the navigation message (satellite signal) demodu 
lated by the baseband unit 13. The CPU 21, or more speci? 
cally the control unit 20, therefore functions as a data 
acquisition unit that can acquire the time information and 
positioning information. 

Description of the Navigation Message 
The navigation message that is the signal (satellite signal) 

transmitted from each GPS satellite 5 is described next. 
FIG. 3 and FIG. 4 schematically describe the GPS signal. 
As shoWn in FIG. 6, signals are transmitted from each of 

the GPS satellites 5 in units of one frame every 30 seconds. 
One frame contains ?ve subframes. Each subframe is 6 sec 
onds long, and contains 10 Words (each Word is 0.6 second). 
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The ?rst Word in each subframe is a telemetry (TLM) Word 
storing the TLM data, and each TLM Word starts With a 
preamble as shown in FIG. 4. 

The TLM Word is followed by a handover Word HOW 
storing the HOW (handover) data, and each HOW starts With 
the time of Week (TOW) (also called the Z count) indicating 
the GPS time information of the GPS satellite. 

The GPS time is the number of seconds since 00:00:00 
Sunday night, and is reset to zero at precisely 00:00:00 every 
Sunday night. The GPS time is thus information expressing 
the time since the start of the Week in seconds, and the elapsed 
time is a number expressed in 1.5 second units. This GPS time 
is also called the Z count or the Z count data, and enables the 
GPS WristWatch 1 to knoW the current time. 

The Word data in subframe 1 shoWn in FIG. 3 contains 
Words storing satellite correction data such as the Week num 
ber data (WN) and the satellite health information (SVhealth) 

The same GPS Week number identi?es the Week in Which 
the current GPS time information is contained. 
More speci?cally, the starting point for the GPS time infor 

mation is 00:00:00 of Jan. 6, 1980 referenced to the Coordi 
nated Universal Time (UTC), and the Week that started on this 
day is Week 0. The GPS receiver can therefore get the precise 
GPS time from the Week number and the elapsed time (num 
ber of seconds). 

The Week number is updated once a Week. 
Once the receiver gets the Week number and counts the 

seconds passed since the Week number Was acquired, the 
current Week number of the GPS satellite 5 can be knoWn 
from the acquired Week number and the elapsed time Without 
getting the Week number data again. As a result, the approxi 
mate current GPS time can be known once the Z count data is 
acquired. As a result, the CPU 21 normally acquires only the 
Z count data When getting the time information. 

The main frame of the navigation message contained in the 
signal from the GPS satellite 5 contains 1500 bits and is 
transmitted at 50 bps. 

The main frame is divided into ?ve subframes of 300 bits 
each. 
One frame is equivalent to 30 seconds. One subframe is 

therefore equivalent to 6 seconds. As described above, the 
TLM Word and the Z count data (TOW) in the HOW Word are 
contained in the ?rst tWo Words of each subframe. The Z 
count data starts from subframe 1, and six seconds of data is 
contained in each subframe. Subframe 1 to subframe 5 there 
fore contain the TLM Word and the Z count (TOW) data in the 
HOW Word. The Z count (TOW) data is therefore the time 
information for the next subframe. For example, the Z count 
data in subframe 1 is the time data for subframe 2. 
As shoWn in FIG. 3 and FIG. 4, the navigation message 

carried in the satellite signal from the GPS satellite 5 includes 
the preamble data and the TOW in the HOW Word, and 
subframe data, including satellite correction data such as the 
Week number and satellite health data, the ephemeris (de 
tailed orbit information for the transmitting GPS satellite 5), 
almanac (orbit information for all GPS satellites 5), and the 
UTC data. More speci?cally, the subframe data of the navi 
gation message is carried in subframe 1 to subframe 5, and the 
data in these ?ve subframes render one frame data unit. The 
subframe data is divided into Words 1 to 10. 
The HOW data or Z count data is therefore transmitted at 

6-second intervals, and the ephemeris parameters and alma 
nac parameters are transmitted at 30-second intervals. 

Because the signals described above are transmitted from 
the GPS satellites 5, satellite signal reception as used herein 
means phase synchronization With the C/A code in the satel 
lite signal transmitted from each GPS satellite 5. 
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More speci?cally, the baseband unit 13 must synchronize 

With the signal from the GPS satellite 5 in order to get the 
frame data from a particular GPS satellite 5. 
The C/A code is used for synchronization With 1 ms pre 

cision, and is a 1023-chip pseudo random noise code that 
repeats every 1 ms. The C/A code (1023 chip (1 ms) code) is 
different for each of the plural GPS satellites 5, and is unique 
to a particular satellite. 

Therefore, to receive the satellite signal from a particular 
GPS satellite 5, the reception unit 10 generates the unique 
C/A code for a particular GPS satellite 5 and phase synchro 
nizes With the C/A code from the selected GPS satellite 5 to 
receive the satellite signal. 
By synchronizing With the C/A code (1023 chips (1 ms)), 

the preamble of the TLM Word and the HOW Word of each 
subframe can be received, and the Z count data (time infor 
mation) can be acquired from the HOW Word. 
The positioning information can be acquired by reading the 

ephemeris parameters in the satellite signals from three to 
four satellites. The ephemeris data can be acquired by receiv 
ing 600 bits or approximately 12 seconds from the preamble 
of subframe 2, Which is transmitted every 30 seconds. 

Reception Mode Control Unit 
The reception mode control unit 30 has a clock control unit 

31. The clock control unit 31 has a temperature-controlled 
crystal oscillator (TCXO) circuit that can output clock signals 
at a plurality of frequencies. More speci?cally, the clock 
control unit 31 can frequency divide the clock signal output 
from the crystal oscillator and simultaneously output clock 
signals at a plurality of frequencies. 
The clock control unit 31 outputs a clock signal for the PLL 

circuit to the RF unit 12. 
The clock control unit 31 also outputs a clock signal for 

operating the correlation unit 132 to the baseband unit 13, and 
outputs a clock signal for driving the CPU 21 to the control 
unit 20. 
The clock control unit 31 in this embodiment of the inven 

tion can sWitch the frequency of the clock signal output to the 
correlation unit 132 to a high frequency or a loW frequency, 
and can thus drive the correlation unit 132 at a ?rst operating 
clock or a second operating clock. 
The second operating clock is set faster than the ?rst oper 

ating clock. In this embodiment of the invention the ?rst 
operating clock is 12 MHz and the second operating clock is 
48 MHz. 
The clock control unit 31 can also sWitch the frequency of 

the clock signal output to the CPU 21 to a high frequency or 
a loW frequency, and can thus drive the CPU 21 at a ?rst 
process clock or a second process clock. In this embodiment 
of the invention the ?rst process clock is 12 MHz and the 
second process clock is 48 MHz. 
The reception mode control unit 30 sets the reception 

mode, and controls the process clock of the CPU 21 and the 
operating clock of the correlation unit 132 through the clock 
control unit 31. 

This embodiment of the invention has tWo reception 
modes, a manual time information reception mode (manual 
reception mode) in Which receiving the time information is 
manually controlled, and an automatic time information 
reception mode in Which the time information is received 
automatically. 
The manual time information reception mode is the mode 

that is set When the user presses a button on the GPS Wrist 
Watch 1, for example, to manually initiate receiving the time 
information. 
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The automatic time information reception mode is the 
mode that is set When the internal time kept by the GPS 
Wristwatch 1 reaches a preset reception time. 

The reception mode control unit 30 controls the process 
clock and the operating clock according to the settings shoWn 
in Table 1 beloW based on Which reception mode is set. 

TABLE 1 

Baseband CPU 
clock 

Time 
acquisition clock Reason 

Manual 10W 10W Outdoor reception expected and only time 
data is decoded 

Automatic high low Fast re-synchronization is needed if 
reception is dif?cult due to multipath 
interference or a Weak signal or the signal 
is dropped 

As shoWn in the table, When the manual time information 
reception mode (manual reception) is selected, the reception 
mode control unit 30 sets the operating clock (baseband 
clock) of the correlation unit 132 to the ?rst operating clock 
(loW speed), and sets the process clock (CPU clock) of the 
CPU 21 to the ?rst process clock (loW speed). 
When the automatic time information reception mode (au 

tomatic reception) is selected, the reception mode control unit 
30 sets the operating clock of the correlation unit 132 to the 
second operating clock (high speed), and sets the process 
clock of the CPU 21 to the ?rst process clock (loW speed). 

Note that in Table 1 the ?rst operating clock and ?rst 
process clock are indicated by “loW,” and the second operat 
ing clock and second process clock are indicated by “high.” 

The reasons for these settings are also shoWn in Table 1. 
More speci?cally, the manual time information reception 

mode (manual reception) is set by the user. When the user 
manually receives the satellite signal, the user is assumed to 
be in a location Where reception is easy. More particularly, the 
GPS Wristwatch 1 is expected to be outdoors Where satellite 
signals can be easily received and is stationary. Signals from 
a plurality of satellites, typically ?ve to ten satellites, can be 
received When outdoors, the signal strength is also high, and 
satellite signals can be easily received. If reception is initiated 
When outdoors, the signal can be reliably received from at 
least one of the satellites even if the time required to synchro 
niZe With the satellite signal (that is, to capture a GPS satellite 
5) is slightly long. Outdoors is therefore considered to be an 
environment Where satellite signals can be easily received. 

In addition, only the time data is received When in the 
manual reception mode, and it is therefore su?icient to 
receive only the Z count data. In order to receive the Z count 
data, it is only necessary to receive the TLM Word and HOW 
Word Which are carried in the 60 bits from the preamble of 
each subframe, Which is transmitted every 6 seconds, and 
receiving the TLM Word and HOW Word can be received in 
approximately 1.2 seconds. 

The satellite signal can therefore be reliably captured and 
the received signal decoded even if the operating clock of the 
correlation unit 132 is set to the loW speed mode. 

It is also usually only necessary to decode the Z count data, 
Which is the time passed since the beginning of the Week, and 
the CPU 21 can easily process the data even at a loW clock 
rate. 
When in the automatic time information reception mode 

(automatic reception), hoWever, the reception environment of 
the GPS Wristwatch 1 is unpredictable. Receiving signals 
directly from the GPS satellite 5 might therefore not be pos 
sible, multipath interference could result from signals bounc 
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ing off of buildings, for example, or the GPS Wristwatch 1 
might be indoors Where Weak satellite signals cannot be 
received. The operating clock of the correlation unit 132 is 
therefore increased so that a satellite can be captured and the 
reception signal can be decoded by synchronizing quickly 
When reception conditions are good. If the captured satellite is 
lost, resynchroniZing quickly is possible by operating the 
correlation unit 132 at a high speed. 

Operation is therefore con?gured as shoWn in Table 1 for 
these reasons. 

Storage Unit and Display Device 
The storage unit 40 has ROM/RAM 41. The program 

executed by the CPU 21 is stored in ROM. The decoded time 
information and positioning information is stored in RAM. 
As described above, the display device 50 includes the 

hands 3 and display 4, and is controlled by the control unit 20. 
The hands 3 are driven by a stepping motor and Wheel train, 

and indicate the internal time that is adjusted by the received 
time data. 
The display 4 displays information such as time informa 

tion and positioning information. 
Time Information Reception Process 
The reception operation of the GPS Wristwatch 1 is 

described next With reference to the How chart in FIG. 5. This 
?rst embodiment of the invention sWitches the clock rate 
betWeen high and loW according to the reception mode When 
receiving the Z count (hour, minute, second) data. 
The time information reception process shoWn in FIG. 5 

executes When reception is manually activated by the user and 
When the preset reception time arrives. This preset reception 
time is, for example, 2:00 or 3:00 am. or 7:00 or 8:00 am. 

Setting the reception time to 2:00 or 3:00 am. is effective 
because the likelihood is high that the GPS Wristwatch 1 has 
been taken off by the user and has been left stationary indoors 
on a table beside the WindoW, for example, electrical appli 
ance use is minimal and there is little noise, and the signal 
reception environment is good. 

Setting the reception time to 7:00 or 8:00 am. is also 
effective because this is the typical time for commuting to 
Work or school, and the likelihood is high that the user Wear 
ing the GPS Wristwatch 1 Will be outdoors sometime during 
this period. The invention is not limited to these times, hoW 
ever, and the automatic reception time could be set by the 
user. 

When the time information reception process runs the 
reception mode control unit 30 ?rst determines Whether the 
reception mode is the manual time information reception 
mode (manual reception mode) activated by the user, or the 
automatic time information reception mode (automatic 
reception mode) activated When the preset time arrives (S1 1). 

If S1 1 determines that the manual reception mode is set, the 
reception mode control unit 30 sets the operating clock (base 
band operating clock) of the correlation unit 132 to loW (?rst 
operating clock) and sets the process clock (CPU process 
clock) of the CPU 21 to loW (?rst process clock) (S12) as 
shoWn in Table 1. 

If S11 determines that the automatic reception mode is set, 
the reception mode control unit 30 sets the operating clock 
(baseband operating clock) of the correlation unit 132 to high 
(second operating clock) and sets the process clock (CPU 
process clock) of the CPU 21 to loW (?rst process clock) 
(S13) as shoWn in Table 1. 
The correlation unit 132 and CPU 21 operate at the clock 

rates set in steps S12 and S13 and the satellite signal reception 
process starts (S14). The local code generator 131 therefore 
sequentially generates the local codes equal to the unique C/A 
codes of the satellites. The correlation unit 132 determines the 
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correlation between each of the local codes and the received 
satellite signal to ?nd a GPS satellite 5 that can be synchro 
niZed With. 

It takes several hundred milliseconds to complete the cap 
ture process for one satellite. If the GPS WristWatch 1 has not 
previously run the satellite capture process and acquired orbit 
information (almanac data) for all of the satellites, that is, if 
the GPS WristWatch 1 is operating from a cold start, the GPS 
WristWatch 1 searches for any GPS satellite 5 it can ?nd. Even 
if searching starts from GPS satellite 5 No. 1 and a satellite is 
not captured until GPS satellite 5 No. 30, that is, capturing a 
satellite takes the longest time, a satellite can be captured in 
approximately 2 seconds by setting the operating clock (base 
band operating clock) of the correlation unit 132 to the high 
clock rate (second operating clock). 

If the operating clock of the correlation unit 132 is set to the 
loW clock rate (?rst operating clock) and the operating clock 
is therefore 1A the high speed clock, the satellite capture 
process takes four times as long and a maximum of approxi 
mately 8 seconds is required to capture a satellite. 

The GPS Wristwatch 1 normally stores orbit information 
(almanac parameters) for all of the satellites, and therefore 
attempts to capture a GPS satellite 5 passing overhead When 
the satellite signal is received. In this case it is not necessary 
to capture (search for) all satellites, the search can be concen 
trated on those GPS satellites 5 passing overhead at the time 
of reception, and the processing time required to capture one 
satellite can be shortened to several hundred milliseconds if 
the correlation unit 132 operates at the high clock rate. If the 
operating clock of the correlation unit 132 is the loW clock 
rate (1A of high speed clock), the satellite capture process 
takes four times as long as the time (several hundred milli 
seconds) required When the operating clock is set to high. 

Therefore, if the operating clock (baseband operating 
clock) of the correlation unit 132 is set to high (the second 
operating clock), a GPS satellite 5 can be captured Within 
approximately 2 seconds from a cold start and Within several 
hundred milliseconds if the almanac parameters can be ref 
erenced. 

The CPU 21 then decodes the reception signal from the 
captured GPS satellite 5. 

The CPU 21 then determines if the time information Was 
acquired (S15). The CPU 21 more speci?cally determines 
that the time information Was acquired if the correlation value 
output by the correlation unit 132 is greater than or equal to 
the threshold value, and the Z count data Was also acquired. 

The CPU 21 could alternatively use a parity check to deter 
mine if the time information Was acquired based on Whether 
or not the Z count data is reliable. More speci?cally, the parity 
data folloWing the TOW data of the HOW Word can be used to 
con?rm if the data is correct. If the parity check returns an 
error, there is a problem With the Z count data and the CPU 21 
knoWs that the time information Was not acquired. 

If S15 determines that the time information Was acquired, 
the CPU 21 corrects the internal time based on the received 
time information. The time information in the satellite signal 
sent from the GPS satellite 5, that is, the GPS time acquired 
from the Z count, is the same time for all GPS satellites, and 
the Coordinated Universal Time (UTC) can be obtained by 
adding the UTC offset (current time+14 seconds) to the GPS 
time. The UTC offset can be acquired from the received 
satellite signal data, or a predetermined value stored in the 
storage unit 40 can be acquired and used. 
The storage unit 40 also stores the current position, that is, 

the time Zone, of the GPS Wristwatch 1. As a result, the CPU 
21 adds the UTC offset to the received GPS time to get the 
UTC, corrects the time difference to the UTC time based on 
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the time Zone stored in the storage unit 40, and adjusts the 
internal clock based on this correction time (S16). 

If the CPU 21 determines in step S15 that the time infor 
mation could not be acquired, the CPU 21 determines if the 
reception process timed out (S17). As described above the Z 
count data is transmitted at a 6-second interval and reception 
takes approximately 1.2 seconds. Therefore, if the time infor 
mation could not be acquired by the time 8 seconds pass after 
satellite signal reception started, operation times out and the 
CPU 21 determines that the time information could not be 
received. 
The CPU 21 therefore continues to determine if the time 

information Was acquired in S15 until S17 determines that 
operation timed out. 
The timeout determination process S17 above compares 

the total of the GPS satellite 5 search time and the decoding 
time With the timeout threshold value, but the search time and 
decoding time could be separately compared With the timeout 
threshold value. 

For example, because the GPS satellite 5 search (capture) 
process can synchroniZe in several hundred milliseconds if 
outdoors, the timeout threshold value for the search time 
could be set to 1 second. In this case, if a GPS satellite 5 is not 
captured Within 1 second after the search process starts, the 
CPU 21 could determine that a satellite signal cannot be 
received because of being indoors, for example, and abort the 
reception process. 

In addition, if a GPS satellite 5 is captured but the decoding 
process is not completed Within a predetermined threshold 
value time, operation times out because the satellite signal is 
Weak and cannot be decoded, and the reception process 
aborts. The timeout threshold value for the decoding process 
can be set to 12 seconds, Which is the decoding time for tWo 
navigation messages, to alloW for missed navigation message 
data so that operation times out and the reception process 
aborts if the decoding process does not end When 12 seconds 
have passed after the decoding process starts. 

If operation times out and S17 returns yes, the CPU 21 runs 
a process to indicate the non-acquisition result, that is, that a 
signal could not be captured, and display the existing internal 
time (S18). 

If the GPS Wri stWatch 1 is in an environment Where recep 
tion is not possible, such as indoors or on the subWay Where 
satellite signals Will not reach, operation times out because 
there is no GPS satellite 5 that canbe captured even if the GPS 
WristWatch 1 searches for all GPS satellites 5. In this situation 
poWer Will simply be Wasted by continuing to operate the 
reception unit 10. 

Therefore, if operation times out in S17, the GPS Wrist 
Watch 1 terminates the GPS satellite 5 search (reception) 
process and runs the display process in S18. This prevents 
unnecessary poWer consumption. 
The time information reception process can thus be 

executed in both manual reception and automatic reception 
modes. 

EFFECT OF THIS EMBODIMENT 

The effect of this embodiment of the invention is described 
next. 

When receiving time information, the GPS WristWatch 1 
sWitches the operating clock of the correlation unit 132 to a 
high or loW clock rate based on Whether the reception mode is 
set to manual reception or automatic reception. The peak 
current can be reduced and an excessive voltage drop can be 
avoided in the manual reception mode because the correlation 
















